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RESEARCH OF INFLUENCE OF VARIOUS CARBON BLACK TYPES  
ON TECHNICAL PROPERTIES OF RUBBERS 
The influence of carbon black types P-803 and S800 on elastic, strength and deformation properties 
of rubbers intended for production of molded rubber products has been studied. As objects of research 
the rubber mixtures based on combination of general purpose rubber SRI-3+SRD and special purpose 
rubber BNRS-18AMN were used. The studies of chemical composition of the surface of various carbon 
black types revealed that the surface of carbon black type S800 contains a large amount of sulfur and  
a minimal amount of oxygen, the presence of which may influence the curing process, and consequent-
ly on the elastic and mechanical properties of rubbers. It was established that P-803 carbon black type 
substitution by S800 type leads to increase in strength characteristics, Shore A hardness and to decrease 
in relative compression set of vulcanizates based on BNRS-18AMN. In rubber based on combination of 
rubbers SRI-3+SRD with carbon black type S800 revealed decrease resistance against growth tears and 
increase Shore A hardness of vulcanizates, compared with samples of rubber with carbon black type  
P-803. The character of changes in rubber properties may be due to the influence of the carbon black 
type on the structure and density of curing grid. 
Key words: rubber, elastomeric composition, filler, technical carbon, physical and mechanical 
characteristics. 
Introduction. Higher requirements for the op-
erational properties of elastomer materials and ex-
panding their application determine the need to 
find new ways to produce elastomeric materials 
and products based on them. Fillers and especially, 
carbon black, which is widely used in rubber, have 
greater impact on changing properties of elasto-
meric materials. 
Filled elastomer composition is microhetero-
geneous, heterophase system, basic filler is carbon 
black. The addition of fillers improves the physi-
cal-mechanical and technological properties of 
polymers and increases the volume of material, i.e. 
decreases its cost. The efficiency of filler is deter-
mined by many factors: particle shape and size, 
feature of adsorption interaction at the interface 
between polymer filler phases, amount of filler and 
others [1]. 
Regarding this, proper selection of carbon black 
type that meets customer requirements determines  
the regulation of important processing properties  
of rubber compounds and ensures properties of  
complex operational properties of finished articles. 
Main part. The aim of the work was to study 
the effect of different types of carbon black on the 
technical properties of elastomeric materials based 
on special purpose rubber BNKS-18AMN and 
combination of general purpose rubber SKI-3 +  
+ SKD to manufacture molded rubber articles. 
These rubber compounds were added to various 
types of carbon black in equal amounts: industrial 
type P-803 and investigated OMCARB ™ S800 
(manufacturer Ltd. “Omsktehuglerod”). 
Carbon black type P-803 produced by a fur-
nace method with thermo-oxidative decomposition 
of liquid hydrocarbon raw material shows a low 
dispersion and average structure properties. Tech-
nical type of carbon filler S800 is modified to re-
duce the curing speed; it has high purity and good 
dispersion in rubber compounds; it also imparts 
high electrical resistance and excellent surface 
smoothness to rubber articles. 
The chemical composition and structure of 
carbon black surface of various types was investi-
gated by the scanning electron microscope JSM-
5610 Jeol LV. Determination of elastic-strength 
characteristics of rubber at tensile strength was 
carried out according to GOST (National Standard) 
270-75. Testing rubber to resist crack propagation 
under multiple bending was performed on samples 
with a puncture at 70° at Con De Mattia Flex Testing 
according to GOST (National Standard) 9983-74. 
4 
Proceeding
The relativ
rubber afte
termined a
9.029-74. 
measured a
ing to GOS
The ch
vary great
production
chemical c
bon, oxyge
The su
can have 
properties 
boxylic ac
ber compo
rubber ma
aqueous so
oxygen-con
useful, but
most valua
dispersed 
subjected t
of strong o
others [3]. 
Conven
specially t
0.2–0.5% h
tionally ox
than 10% o
fur (0.1–1
product [2]
Oxygen
the surface
are formed
stream of r
on the surf
water used
in the prod
the produc
dispersion 
tains more 
yl, hydroxy
ticles on th
Sulfur 
be presente
organic su
fur in carb
tion proces
there is f
specificatio
of sulfur in
lute conten
and the out
Fig. 1 
black types
Table 1
surface of t
s of BSTU   N
e residual c
r aging for 
ccording to 
Hardness S
t DIGI-TES
T (National
emical comp
ly dependin
 and the hy
omponents 
n and hydro
rface functio
both positiv
of rubbers. T
id groups re
unds. Regar
nufacture sp
lution. For
taining gro
 necessary.
ble types o
carbon black
o further ox
xidants suc
tional furna
reated, has 
ydrogen, an
idized carbo
xygen. The
.0%) and m
. 
 and miner
 layer. Oxyg
 in the oxida
eaction gase
ace of carb
 for cooling 
uction reacto
t under equa
of the latter. 
oxygen. Oxy
l and carbox
e surface lay
is extracted
d in the for
lfate, and or
on black im
ses and the
easible sulfu
ns for all 
 the carbon
t in the feed
put [6]. 
shows ima
 P-803 and 
 shows the 
he carbon b
Research of 
o. 4   2016 
ompression
24 hours at
GOST (Na
hore A of 
T Automati
 Standard) 2
osition of c
g on the c
drocarbons 
of carbon p
gen [2]. 
nal groups 
e and nega
hus, a large
sults in slow
ding this, c
ecifies the p
 coloring c
ups’ availab
 Therefore, 
f colorant c
 obtained i
idation, inclu
h as nitric 
ce carbon b
95–99.5% 
d 0.2–1.3%
n black ma
re are small 
inerals (to
als are prefe
en binds carb
tion process 
s; mineral p
on black fro
high temper
r. The amou
l conditions
More disper
gen is a me
yl groups o
er [4]. 
 from raw m
m of elemen
ganosulfur c
pacts on ru
ir properties
r content 
carbon black
 black depe
stock, the ca
ges of surf
S800, respec
chemical co
lack types P
influence of 
 deformation
 100°C was
tional Stand
vulcanizate 
c device acc
63-75. 
arbon black
onditions of
type. The m
articles are 
of carbon b
tive effects
 number of 
 curing of 
arbon black
H standard
arbon types 
ility is not o
to produce 
arbon black
n the reacto
ding the eff
acid, ozone 
lack, that is
carbon cont
 oxygen. In
y contain m
amounts of 
 0.5%) in 
rably presen
on particles 
and move in
articles may
m the indus
ature gas str
nt of oxyge
 depends on
sed product c
mber of carb
f the carbon 
aterial and 
tal sulfur or
ompounds. 
bber vulcan
 [5]. Theref
of standard
s. The amo
nds on its ab
rbon black t
aces of car
tively. 
mposition of
-803 and S80
various carb
 of 
 de-
ard) 
was 
ord-
 can 
 its 
ain 
car-
lack 
 on 
car-
rub-
 for 
 for 
the 
nly 
the 
 the 
r is 
ects 
and 
 not 
ent,  
ten-
ore 
sul-
the  
t in 
that 
 the 
 fall 
trial 
eam 
n in 
 the 
on-
on-
par-
can 
 in-
Sul-
iza-
ore, 
ized 
unt  
so-
ype, 
bon 
 the 
0. 
surf
amo
pare
in t
rela
cou
dep
whi
carb
aero
elem
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E
Ox
Sili
Sul
Tita
P-8
on black typ
As it can be
ace of carbo
unt of sulfu
d to carbon
he content o
ted to the c
rse of prepa
osited on the
ch is obtain
on black P
sol, which 
ents. 
Fig. 1. Elec
a –
 
The eleme
of the re
lement 
Th
o
ygen 
con 
fur 
n 
 
Thus, on th
03 and S800 
es on technic
 seen from 
n black type
r and less o
black type P
f component
omposition 
ration carbo
 metal chan
ed from the
-803 is extr
may be furt
а 
b 
tron microgra
of carbon sa
type P-803; b 
ntal composi
searched car
e content of t
n the surface 
P-803 
61.05 
2.65 
13.42 
22.88 
e surface o
contains a di
al propertie
the presente
 S800 conta
xygen amou
-803. Such 
s on the sur
constituents
n black ty
nels, along w
 raw mater
acted from 
her purified
phs of the su
mples:  
– type S800 
tion of the su
bon black ty
he chemical e
of the technic
f carbon b
fferent amou
s of rubbers
d data, the 
ins greater 
nt if com-
differences 
face can be 
, as in the 
pe S800 is 
ith sulfur, 
ial and the 
the reactor 
 by several 
rfaces  
Table 1
rface  
pes  
lement (%) 
al carbon 
S800 
38.61 
3.91 
32.83 
24.65 
lack types 
nt of sulfur 
Zh. S. Shashok, E. P. Uss, A. V. Kasperovich 5 
Proceedings of BSTU   No. 4   2016 
and oxygen elements, which can lead to functional-
ization of surfaces while contacting the environ-
ment. The presence of the filler on the surface 
functional groups of different nature can influence 
the kinetics of the process of curing rubber mix-
tures as well as structure and density of the result-
ing three-dimensional network of vulcanizate, 
which in turn will affect the elastic-strength and 
elastic-dynamic properties of rubber. Thus, in-
creasing oxygen content in the carbon black de-
creases conventional stress at a given elongation of 
vulcanizate (oxygen can interact with ingredients 
of curing system and cause some reduction in  
the concentration of cross-linking bonds). Tensile 
strength increases with increase of oxygen content 
in carbon black. [1] The carboxyl groups cause the 
acidity of carbon black and the adsorption of bases. 
This leads to reducing activity of curing accelera-
tors and slows down the curing process. The hy-
droxyl groups of phenolic compounds in the sur-
face rubbers slow down the aging process [3]. 
Increased sulfur contents can lead to the for-
mation of additional cross-links, which in turn im-
pacts not only on strength properties of vulcaniza-
tes, but also on their hardness and heat production. 
In operation, rubber products typically are not 
subjected to large deformations similar to destruc-
tive ones, but in laboratory practice rubber tensile 
test is widely used, since under these conditions its 
specific properties are manifested most clearly. 
Table 2 shows the results of investigation of 
elastic-strength characteristics of rubbers.  
 
Table 2 
The elastic-strength characteristics of rubbers,  
containing various carbon black types 
Carbon 
black 
type 
Conventional 
stress at 100% 
elongation, MPa 
Elongation 
at break, % 
Tensile 
strength, 
MPa 
Rubber based on SKI-3+SKD 
P-803 1.1 680 18.0 
S800 1.1 645 18.0 
Rubber based on BNKS-18AMN 
P-803 3.9 275 8.8 
S800 4.3 215 11.6 
 
The above data show that the replacement of  
carbon black type P-803 by type S800 in the rub- 
ber composition based on combination of rubbers 
SKI-3+SKD has no effect on the strength characteris-
tics of the vulcanizates: conventional stress at 100% 
elongation for the investigated rubbers was 1.1 MPa, 
tensile strength – 18.0 MPa. Change in elongation at 
break is within the error range allowed by GOST 
(National Standard) for this measurement. 
The replacement of furnace carbon black of 
type P-803 by S800 leads to some increase in 
strength characteristics of vulcanizates based on  
BNKS-18AMN. Thus, the conventional tensile 
strength is increased by 24% (for rubber samples 
of type P-803 – 8.8 MPa, and type S800 – 11.6 MPa) 
the conventional stress at 100% elongation is in-
creased by 10%. However, it should be noted that 
this replacement of carbon black is decreased in 
elongation at break by 28%. Changing the elastic-
strength properties of rubber is, probably, due to 
differences in vulcanizates structures containing 
different types of carbon black. 
Dynamic loading of the material leads to 
changes in its physical and mechanical properties 
and the accumulation of microdefects in its struc-
ture. This process is called fatigue fracture of the 
material, and the material's ability to resist fracture 
under dynamic loading is called fatigue endurance. 
Typically, the rubber has high fatigue endurance, if 
it has high strength and low internal friction upon 
exposure to cyclic strain. 
The results of tests of rubber samples based on 
a combination of rubber SKI-3+SKD upon crack 
growth during bending are shown in Fig. 2. 
 
 
 
Fig. 2. Change in the crack growth resistance  
at bending of rubber depends  
on the carbon black type 
 
Studies of rubber properties at temperature of 
70°C have shown that the best resistance to crack 
growth under alternating bending has the rubber con-
taining carbon black type P-803. According to ele-
mental analysis of carbon black surface researching 
types obtained by scanning electron microscope on 
the surface of carbon black type S800 contains a sig-
nificant amount of sulfur in comparison with type  
P-803. In this regard, one can assume that using car-
bon black type S800 at curing can form the additional 
cross-linking, and consequently, increased heat 
buildup during repeated deformations due to internal 
friction segments when exposed to cyclic loads. 
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Due to the fact that products based on butadiene-
nitrile rubber used as sealing material, it was of inter-
est to investigate the influence of carbon black on the 
heat resistance of the rubber in compression (Fig. 3). 
It is known [7] that prolonged exposure to stress and 
high temperature transformation of structure of elas-
tomeric matrix can occur and deterioration of physi-
cal and mechanical properties. In this connection, a 
significant influence on the heat resistance in com-
pression of rubbers based on butadiene-nitrile rubbers 
will have the structure and density of curing network, 
and the ratio of different types of cross-linking bonds. 
The most preferred are vulcanizates containing 
monosulfide and carbon-carbon bonds. Release of 
tension of sulfur vulcanizates based on unsaturated 
rubber is mainly due to break of polysulfide bonds. 
The increase in the degree of cure typically increases 
thermal stability under compression [8].  
 
 
Fig. 3. Changing the relative compression set  
of the vulcanizate based on BNKS-18AMN  
depending on type of carbon black 
 
As a result of studies to determine the re-
sistance to aging under static compressive strain of 
rubber based on BNKS-18AMN revealed that the 
smallest value of the relative compression setis 
observed for rubber with carbon black type S800. 
So, when introduced into rubbercompound  carbon 
black type P-803 value of the relative compression 
set of vulcanizates samples is 48.1%, which is 
11.0% more than the value of this indicator for 
samples containing carbon black type S800 
(42.9%). These changes may be associated with 
the peculiarities of the nature of crosslinking of 
rubber curing network in case of replacement of 
carbon black type P-803 to exploring type S800. 
Hardness – one of the most important physical 
and performance characteristics. It is indicated in 
most of the guests and technical specifications for 
rubber products. Hardness is widely used for quali-
ty control of rubber products, because the amount 
depends on properties of rubber and compliance 
with the dosage of curing group, fillers and plasti-
cizers by mixing [1]. The results are shown in  
Table. 3. 
 
Table 3 
The hardness of the rubber containing  
various types of carbon black 
Elastomeric base
of carbon black 
Type of carbon 
black 
Hardness, cond. 
units 
Shore A 
SKI-3+SKD P-803 52.8 S 800 54.9 
BNKS-18АМN P-803 67.4 S800 70.6 
 
The presented data show that the replacement of 
carbon black type P-803 BY type S800 increases 
Shore A hardness for vulcanizate based on a combi-
nation of common rubbers SKI-3+SKD, and to vul-
canizates based on rubber BNKS-18AMN. Thus, 
for the sample based on SKI-3+SKD Shore A hard-
ness is increased by 4%, while for the sample based 
on BNKS-18AMN by 4.7%. These changes of 
properties are, probably, due to the structure of the 
resulting cross-linking bonds during vulcanization, 
as well as the influence on process of structuring 
functional groups and structure of the used car- 
bon black. 
Conclusion. Thus, the results of the research 
of the effect of carbon black of various types in the 
properties of rubber have shown that the use of 
carbon black S800 type instead of the type  
P-803 has the greatest influence on the elastic-
strength and elastic-deformation properties of vul-
canizates based on rubber BNKS-18AMN. In this 
case, the introduction of carbon black type S800 
increases tensile strength by 1.32 times, hardness 
by 3 cond. units, and decreases relative defor-
mation compression by 11%. The studies found out 
that it is advisable for common rubber to use car-
bon black S800 type in rubber products, used in 
static conditions, due to the deterioration of the 
dynamic properties of vulcanizates by replacing 
carbon black S800 type by type P-803. 
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